ABSTRACT: The possibility of species targeted growth inhibition of three yeast (Candida albicans, Cryptococcus neoformans and Saccharomyces cerevisiae) and one mold species (Aspergillus fumigatus) by electromagnetic fields of certain characteristics was investigated. Cultures were exposed to sinusoidal 50 Hz fields, and 10, 40 and 70 mT magnetic components and 20 V/m electric component, for 30 minutes. Cell density in yeast cultures and germination time and rate in mold cultures were investigated.
INTRODUCTION
The impact potential of extremely low frequency (ELF, 50 or 60 Hz) electromagnetic fields (EMFs) has been evaluated worldwide in various biological systems, but not a single organism insensitive to those fields has been found yet. Тhere are many results that point to specific and effective action of certain electromagnetic fields (EMF) of extremely low frequency on the functions of individual organisms, organs and cells. During many years of research on the influence of ELF of electromagnetic fields on different organisms, we found the frequency "window" dependence, within which the EMFs affect microorganisms, in the range from stimulation to extreme inhibition (G al o n j a -C o g h i l l et al., 2009) .
For the inhibition of certain yeasts and allergenic, pathogenic and toxigenic molds, as well as those causing food spoilage, chemotherapeuticals (antibiotics), radiation, temperature control, water removal etc. have been used. Some of these methods can result in creating resistant forms, and are often not cost effective. We examined the possibility of species targeted growth inhibition of three yeasts (Candida albicans, Cryptococcus neoformans and Saccharomyces cerevisiae) and one mold species (Aspergillus fumigatus) by Зборник Матице српске за природне науке / Proc. Nat. Sci, Matica Srpska Novi Sad, № 120, 145-151, 2011 EMFs of certain characteristics. All four species are widespread. Although Saccharomyces is commonly used in bread baking, alcohol fermentation and beer brewing, scientists noticed its frequent appearance in immunocompromised patients, thus raising questions about its survival and virulence in humans. After the SSD1 gene was disabled, the virulence of some Saccharomyces strains largely rose (W h e e l e r et al., 2003) . Cryptococcus neoformans is clinically important pathogenic yeast, belonging to Hymenomycetes, commonly occupying woody substrates. It can cause life-threatening infections, such as cryptococcosis, meningoencephalitis and meningitis, particularly in immunocompromised patients (rate in AIDS patients goes up to 30%), entering the body by inhaling. The species has asexual (anamorph) and sexual (teleomorph) state (B o e k h o u t et al., 2001) . Candida albicans is another common yeast capable of causing systemic infection in mammals with low neutrophil cell count, with overgrowing populations in various organs, having possible lethal effect. This overgrowing process is supported by germination and filamentation that enable Candida to bind to the respiratory tract (K u rn a t o w s k i et al., 2003) . Aspergillus fumigatus is an important airborne pathogen causing life-threatening infections in immunocompromised patients, by inhaling its conidia (S e g a l and R o m a n i, 2009). Their phagocytes are incapable of removing the spores while neutrophils cannot destroy the hyphae development (M c C or m i c k et al., 2010) . When growing on some building materials A. fumigatus can produce mycotoxins (e.g. gliotoxin). It plays an important role in carbon and nitrogen cycles in nature.
MATERIALS AND METHODS
Fungal cultures were all obtained from Albright laboratory, Abergavenny, UK and cultivated in YMB (Yeast Mold Broth, Difco, BD -Diagnostic Systems, USA), except for A. fumigatus whose asexual spores (conidia) were placed into YMB for the purpose of germination analyses.
Yeasts
Candida albicans, Cryptococcus neoformans and Saccharomyces cerevisiae were cultivated separately in YMB for seven days. Each species culture cell density was adjusted to 5x10 6 /ml liquid medium. This was done by comparing hemocytometer counts and numbers derived from LeeHatrwell table after spectrophotometrical determination of cultures' optical density (OD660) (B u r k e et al., 2000) . Pure growth medium was used to zero the absorbance. All three species cultures were split into eight erlenmeyer flasks (25 ml each), two of which were kept at ambiental EMFs (control samples), and others were exposed in pairs for 30 minutes to sinusoidal 50 Hz EMFs, 20 V/m electric component and three variants of magnetic component: 10, 40 and 70 mT. Cell density in the samples was determined spectrophotometrically 24 and 48 hours after the exposure.
Molds
Although it is assumed that A. fumigatus exercises virulent behaviour at temperatures around 37є C only, we preferred the experimental approach based on measuring the conidial germination time and rate, under the influence of electric and magnetic fields, rather than measuring the apical growth rate of hyphae as a function of colony diameter. The conidia were placed in Yeast Mold Broth and stirred. Quantity of 200 ml of YMB at spore concentration of about 1x10 4 /ml was split into eight erlenmeyer flasks (25 ml each). Two of them were kept at ambiental EMFs (control samples), and others were exposed in pairs for 30 minutes to sinusoidal 50 Hz EMFs, magnetic component being 10, 40 and 70 mT and electric component being 20 V/m. During the experiment, samples were kept at 30º C. After the initial isotropic growth phase, spores enter the polar growth phase when germ tubes are created (R h o d e s, 2006). Since it was uncertain whether the germination might occur early under the influence of applied EMFs, we monitored germination microscopically every hour for 10 hours.
RESULTS
Candida albicans populations decreased after the exposure to all EMFs applied. Strongest inhibitory effect showed 70 mT EMF, reducing cell numbers well below the initial state, even 48 hours after the exposure (Chart 1). The least inhibitory was 10 mT field, showing no significant effect 24 hours after the exposure, yet 48 hours after the exposure differences between the controls (13.6x10 6 cells per ml) and exposed samples (5.9x10 6 cells per ml) were significant. Cryptococcus neoformans only slightly reacted to 10 and 40 mT EMFs, while 70 mT fields caused significant decrease in cell density. It appears that C. neoformans cells experienced those as a stress, particularly during the first 24 hours, after which cell density started to increase slowly (Chart 2). However, there is a huge difference between cell densities in the control samples (13.1x10 6 ) and samples exposed to 70 mT (4 x10 6 ). Graph Cell densities of Saccharomyces cerevisiae populations were kept at the exact initial state value for the first 24 hours after the exposure to 40 and 70 mT fields, and at almost the same value during the following 24 hours (5.4 and 5.8 million cells per ml, respectively), while 10 mT fields did not cause any changes during the first 48 hours after the exposure, with respect to the control samples (Chart 3). First signs of A. fumigatus spores germination in the control samples were observed four hours after being placed into YMB. Germination rate was intensifying until the seventh hour, when about 48% of conidia germinated. During the eighth and ninth hour, germination rate slightly decreased, and ten hours after being placed into YMB 81% of germinated conidia was recorded. Comparative review of A. fumigatus germination under various EMFs applied is given in Chart 4. The results show that even conidia are susceptible to EMFs, resulting in changes in both time and rate of germination. Samples exposed to 10 mT EMFs germinated one hour earlier than the controls. By comparison with control samples, it appears that 40 mT EMFs caused one hour germination delay, while under the influence of 70 mT EMFs this delay was for four hours. The applied fields seemed to decrease the germination rate, which was at about the same percentage four hours after the germination started (33% at 70 mT, 33% at 40 mT, 36% at 10 mT in comparison to 48% in the control samples). However, samples exposed to 10 mT showed this increase rate later, ten hours after placing the conidia into YMB, being 13% higher in comparison to the control samples. The obtained results show great potential of electromagnetic fields to cause targeted and highly selective effects on organisms without using any chemical compounds.
CONCLUSIONS
There are obviously certain patterns according to which various external stimuli, among which are electric and magnetic fields, affect and modulate fungal physiology, development and growth. This experiment shows how easily those processes can be managed without using chemicals and at levels incapable of causing DNA damage. It seems that there is some dose-response behaviour, referring to 70 mT fields showing greatest inhibitory effect in all four species cultures tested. There is no doubt that this is done by interfering with intracellular signalling. However, subtle language of each cell and all its components is yet to be decrypted.
